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ABSTRACT
Purpose: Knowledge of breast cancer genetics is critical for those at increased hereditary risk
who must make decisions about breast cancer screening options. This descriptive study explored
theory-based relationships among cognitive and emotional variables related to knowledge of
breast cancer genetics in cancer families.
Methods: Participants included first-degree relatives of women with breast cancer who had
received genetic counseling and testing. Study participants themselves did not have breast cancer
and had not received genetic counseling or testing. Data were collected by telephone interviews
and surveys. Variables analyzed included numeracy, health literacy, cancer-related distress, age,
education, and the reported amount of information shared by the participants’ family members
about genetic counseling.
Results: The multiple regression model explained 13.9% of variance in knowledge of breast
cancer genetics (p = 0.03). Best fit of the multiple regression model included all variables except
education. Reported amount of information shared was the only independently significant factor
associated with knowledge (β=0.28, p = 0.01).
Conclusion: Participants who reported higher levels of information shared by a family member
about information learned during a genetic counseling session also demonstrated increased
knowledge about breast cancer genetics.

Keywords: knowledge; breast cancer; cancer genetics; family communication; genetic
counseling; precision medicine; numeracy; health literacy.
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Genetic conditions play a role in nine of the ten leading causes of death in the United
States (National Human Genome Research Institute 2016) and affect an entire family, not just
the individual presenting with disease. Thus, both patients and family members need information
about genetics. Knowledge about a genetic condition and personal risk helps individuals make
informed decisions about how to proceed with prevention, screening, and treatment options to
minimize effects of disease.
When a disease is known to have a strong heritable component, individuals seek genetic
counseling (as counselees) to gain further information, including personal and familial risk. For
example, women with early-onset breast cancer may obtain genetic counseling to learn
information to help them understand and manage their own risk for new primary cancer as well
as their family members’ risk for developing cancer. Genetic counselors educate counselees
about breast cancer genetics and encourage them to share information with family members who
may have increased risk (Riley et al. 2012); however family communication about genetic risk
information may be difficult for a variety of reasons (Julian-Reynier et al. 2000; Sermijn et al.
2004).
Despite reasons for not disclosing and difficulties with sharing genetic results
information with family members, sharing can affect whether at-risk family members understand
their own risk and are prepared to make informed decisions about prevention and screening.
Information shared about genetic counseling is associated with improved accuracy of risk
perception of unaffected family members (Himes et al. 2016). Thus, family communication plays
an important role in helping family members who have not had genetic counseling themselves
(Riley et al. 2012).
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Women’s screening and lifestyle choices are based on both risk perceptions and
knowledge of breast cancer (Haas et al. 2005; Tilburt et al. 2011). Knowledge about breast
cancer genetics is influenced by information obtained as well as an individual’s ability to
comprehend that information, which is influenced by health literacy and numeracy. Health
literacy is the ability to understand, use, and interpret basic health information necessary to make
decisions (Institute of Medicine (U.S.) Committee on Health Literacy 2004). Research suggests
that health literacy is an important skill in relation to communicating genetic information (Lea et
al. 2011). Numeracy is defined as “the ability to access, use, interpret, and communicate
mathematical information and ideas” (Centers for Disease Control and Prevention 2015). Low
numeracy skills are associated with poor health outcomes, including a higher prevalence of
comorbidities and a 20% increase in prescription medications (Garcia-Retamero et al. 2015).
Conversely, strong numeracy skills influence one’s ability to interpret complex information
related to cancer risk (Lea et al. 2011), which is essential to making decisions about prevention
and treatment. Furthermore, genetic information is often conveyed in terms of probabilistic
information that can be difficult to understand without solid numeracy skills.
Additionally, a person’s level of emotional distress is known to influence risk perception
(Gibbons and Groarke 2016; van Dooren et al. 2004). Familial cancer involves strong emotions
in both affected and non-affected family members. Receiving personalized genetic risk
information can cause emotional reactions such as fear, worry, and distress (Marteau and
Weinman 2006). Research has demonstrated that higher levels of distress correlate with higher
and inaccurate levels of risk perception (Gibbons and Groarke 2016; van Dooren et al. 2004). If
distress interferes with the cognitive task of accurately assessing risk, it is possible that higher
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levels of cancer-related distress may be related to the cognitive task of understanding breast
cancer genetics.
The present study is a secondary analysis of data previously gathered. In prior research
we evaluated whether the amount of information shared by counselees, about their genetic
counseling sessions, influenced the accuracy of risk perceptions held by their sisters or
daughters. We found that women who had more accurate perceptions of personal risk had also
received greater amounts of information about family members’ genetic counseling session
(Himes et al. 2016). Both knowledge of breast cancer genetics as well as risk perception may
influence decisions about prevention and screening behaviors (Marteau and Weinman 2006;
Tilburt et al. 2011). Additionally, both breast cancer genetics as well as personal and family risk
for breast cancer are discussed in genetic counseling sessions (Riley et al. 2012) Therefore, with
the present analysis, we sought to explore factors that might influence knowledge of breast
cancer genetics. Choice of factors was guided by theory (Marteau and Weinman 2006; Tilburt et
al. 2011) and previous research (Ashida et al. 2011; Haga et al. 2013; Himes et al. 2016; Institute
of Medicine (U.S.) Committee on Health Literacy 2004; Lea et al. 2011; Patenaude et al. 2013).
We included information shared about genetic counseling as a factor in the present study both
because it was found to be important in our prior work and because, in the setting of genetic
counseling, counselees are encouraged to share information with family members that will help
family members understand their risk for disease. Thus the purpose of this study was to explore
cognitive and emotional variables that influence knowledge of breast cancer genetics in women
with a sister or mother who attended genetic counseling and received BRCA1/2 mutation testing.
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Materials and Methods
In this descriptive, exploratory secondary analysis, we analyzed theory-based
relationships among variables related to knowledge of breast cancer genetics. Full details of
study methods are published elsewhere (Himes et al. 2016); a brief summary of methods is
presented below.
Study Population
Participants were adult women who are sisters or daughters of women diagnosed with
breast cancer. No participants were affected by breast cancer or received genetic counseling or
testing themselves. All participants had a first-degree family member with cancer who received
genetic counseling and testing with uninformative negative BRCA1/2 test results between 2010
and 2012. Counseling was administered via in-person or telephone by the same five boardcertified genetic counselors. Participants were referred to the study by counselees (their sisters or
mothers). After obtaining informed consent, data were collected via mailed survey and telephone
interviews.
Measures
All variables were selected a priori. Variable measures are described below.
Knowledge about breast cancer genetics. Knowledge of breast cancer genetics, the
outcome variable of interest, was measured using the 27-item Breast Cancer Genetic Counseling
Knowledge Questionnaire (BGKQ) (Erblich et al., 2005). This measure was administered to
participants in the survey packet. The BGKQ is an objective instrument developed to evaluate
knowledge of information typically gained during genetic counseling. This measure has been
used to assess knowledge about breast cancer genetics in daughters of women who had received
genetic counseling for breast cancer (Patenaude et al., 2013).
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Health literacy. Chew, Bradley, and Boyko’s Set of Brief Questions (2004) was used to
assess self-reported health literacy. This measure was administered to participants in the survey
packet. Each of the three items ask participants about their comprehending both written and
verbal information in health care settings and was presented as a 5-point Likert scale ranging
from “never” to “always.” Overall score of the three items combined can range from 0 to 15 with
higher scores indicating higher self-reported levels of literacy.
Numeracy. The Rasch-based numeracy scale, an eight-item measure of objective
numeracy, was used in this study and administered as part of the survey packet(Weller et al.
2012). This composite instrument asks participants to solve math equations to assess knowledge
about principles necessary to interpret genetic knowledge. For example, “If the chance of getting
a disease is 10%, how many people would be expected to get the disease out of 1000?” (Weller
et al. 2012). Possible scores range from 0 to 8.
Cancer-related distress. Cancer-related distress was measured by an adaptation of the
15-item Impact of Events Scale (IES) with a stated stress-inducing scenario of having a known
risk of heredity breast cancer. This measure was administered to participants in the survey
packet. The scale asks participants to report the frequency of their psychological, physiological,
and behavioral responses to an event as follows: not at all = 0, rarely = 1, sometimes = 3, and
often = 5. Possible overall scores range from 0 to 75 points.
Reported amount of information shared. The variable “reported amount of information
shared” was measured during a telephone interview with participants by asking, “Please rate on a
scale of 0-5 how much information your sister/mother shared with you about what she learned in
her genetic counseling session.” Answers ranged from “shared nothing” (0) to “shared a great
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deal” (5). This measure was developed for the parent study and was effective in describing
amounts of information shared within families (Himes et al., 2016).
Data Analysis
Data were analyzed using SPSS 22.0 (IBM Corp., Chicago, IL). Demographics and
amount of information shared within families were explored using simple descriptive statistics.
Independent associations between knowledge of breast cancer genetics and factors believed to
influence knowledge were analyzed using multiple regression. Cancer-related distress and health
literacy were transformed to normalize their distributions, which is a statistical requirement for
multiple regression. Independent variables in the initial regression included age, education,
cancer-related distress, numeracy, health literacy, and reported amount of information shared.
All statistical assumptions were met.
Results
The study population included 85 women from the parent study who were mostly married
(80.0%), non-Hispanic white (98.8%), and had received some college education (84.7%). The
average participant age was 52.2 (SD = 8.9) years old (see Table 1). Most women reported low
levels of cancer related distress and high levels of self-reported health literacy. Instrument range
of scores, means, standard deviations, and estimates of internal consistency reliability are
presented in Table 2. Most women reported very little information from genetic counseling
sessions was shared with them by their mother or sister who attended genetic counseling (see
Figure 1).
Because a small portion of participants were related to one another intraclass correlation
was run to assess the role of family membership among independent variables. Intraclass
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correlation of the average of all the independent variables was 0.001 indicating that family
grouping was not a significant confounder and accounting for nesting was not necessary.
For the regression analysis we used a process similar to backward elimination where,
based on theory and previous research, we selected variables, determined a priori, to be relevant
to the dependent variable of interest (knowledge of breast cancer genetics). We used backward
elimination to remove variables until significance of the model was achieved. (p <0.05). Unlike
traditional backward elimination, having all predictors statistically significant was not a criteria.
This is because variables can be non-significant individually, yet still contribute to the overall
model fit (R2).
The initial model included independent variables of reported amount of information
shared, health literacy, numeracy, cancer-related distress, age, and education. This model
explained 13.9% of the variance in the dependent variable (R2 = 0.139) but was non-significant
(p = 0.06). Because education contributed the least to the model, it was the first one removed.
The resulting regression model was significant (p = 0.03). Further elimination of variables
resulted in a worse fitting model, therefore the remaining variables were retained.
The final overall multiple regression model was significant (p = 0.03) and explained
13.9% of the variance in knowledge of breast cancer genetics (R2 = 0.139). The only predictor
variable that was statistically significant was reported amount of information shared (p = 0.01).
In practical terms, this result suggests that women of similar age with similar levels of health
literacy, numeracy and cancer distress are more likely to have increased levels of knowledge
when probands have shared more information about their genetic counseling sessions. Although
health literacy, numeracy, distress and age were insignificant individually, as a whole they were
all necessary to explain overall variance in knowledge of breast cancer genetics and, thus,
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remained in the final regression model. Beta weights, a measure of the relative importance of
each variable, and p-values for each variable are shown in Table 2. The final model is presented
in Figure 2.
Discussion
In order for genetic test results to best impact clinical management for family members,
results must be communicated. Lack of knowledge can be a barrier to recommended cancer
prevention and screening (Ashida et al. 2011; Patenaude et al. 2013; Schapira et al. 2011).
Conversely, knowledge of breast cancer genetics is asserted to be a positive indicator of health
(Haga et al. 2013). We found that the reported amount of information shared by a mother or
sister about her genetic counseling experience explained a significant amount (β=0.28, p = 0.01)
of the variance in knowledge of breast cancer genetics among their first-degree relatives. In
families where more information was shared about genetic counseling, family members (who
had not attended counseling) had a greater understanding of breast cancer genetics. These
findings underscore the importance of family communication in transferring knowledge about
breast cancer genetics.
Although family communication seems to play an important role in knowledge transfer,
unfortunately few participants reported that their mother or sister shared a large amount of
information about her genetic counseling (see Figure 1). In our study, we found that many
family members are not receiving personalized information. Sixteen women (nearly 19%)
reported that their mother or sister shared nothing about their genetic counseling experience.
Therefore, although family communication is encouraged by health professionals as a method of
disseminating genetic information in a family (VandenBoom et al. 2017), our findings are
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consistent with other research indicating that a good portion of genetic test results are not shared
among family members (Taber et al. 2015).
Additionally, although greater communication was associated with greater understanding
of breast cancer genetics, women’s overall understanding of breast cancer genetics was low with
women scoring an average of 10.26 (SD 5.5) items correct on the 27-item BGKQ. This
instrument was designed to evaluate knowledge that might be gained through genetic counseling
and has primarily been used to assess knowledge of people receiving genetic counseling. In a
study of women who had agreed to receive genetic counseling themselves for possible BRCA1/2
testing, baseline scores prior to counseling on the BGKQ averaged 17.4 (SD 4.5); following
genetic counseling, their mean scores rose approximately 2 points (Butrick et al. 2015). Thus
women in our study scored an average of 7 points lower on the BGKQ than other women who
had not received counseling. However to be part of the study by Butrick et al. (2015) women
needed to have at least a 10% chance of carrying a BRCA1/2 mutation and many of them had
breast cancer themselves. It is possible that a personal diagnosis of cancer raises raises one’s
interest in breast cancer genetics to a greater degree than being a sister or daughter of a cancer
survivor.
Women in our study had low levels of cancer related distress with scores on the Impact of
Events Scale falling into the subclinical or low range. Impact of Event scores can be categorized
as subclinical (0-8), mild (9-25), moderate (26-43) and severe (>44) (Metcalfe et al. 2013). A
study by Metcalfe et al. (2013) evaluated 205 sisters of women who were recently diagnosed
with breast cancer and found their cancer related distress to be in the mild to moderate range
with an average of 25.6. It is notable that Metcalfe et al. (2013) studied sisters only. Other
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findings have indicated that sisters of women with breast cancer tend to have higher levels of
cancer related distress than daughters of women with breast cancer (van Dooren et al. 2005).
The Common Sense Model of Self-regulation of Health and Illness (Leventhal et al.
2003) suggests an interplay between emotional and cognitive factors when people contemplate
health behaviors (coping actions). We suspected that higher levels of distress (an emotional
factor) may interfere with knowledge of breast cancer genetics (a cognitive factor). However, no
significant association was found between knowledge of breast cancer genetics and cancerspecific distress. This finding is similar to study results by Kelly et al. (2014), where no
significant relationship was found between distress and a variety of cancer-related knowledge
outcomes in women at risk for breast cancer. Therefore, distress related to cancer (or cancer risk)
may interfere with some, but not all, cognitive factors related to disease. Further research is
needed in this area.
Clinical Significance
Although it seems logical that health literacy and numeracy might correlate with
women’s knowledge of breast cancer genetics, the observation that these variables were not
related may be important for healthcare providers. Some patients who perform well on literacy or
numeracy evaluations may not understand complex genetic principles well enough to make
informed decisions about prevention and screening. Indeed, our sample performed similarly on
the Rasc-based Numeracy Scale to three separate samples of adult U.S. citizens totaling 1970
participants [our sample average 4.48 (SD 1.5); combined average of other samples 4.13 (SD
1.87)] (Weller et al. 2012). Thus clinicians should not assume individuals with high numeracy or
self-reported health literacy understand complex genetic information. Clinicians should take care
to assess genetic knowledge and help educate where knowledge deficits exist.
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Because family communication is the most commonly used strategy for disseminating
information about hereditary genetics, it is helpful to understand the relationship between
amount of information shared within a family and knowledge outcomes as well as, how
knowledge impacts guideline-concordant care. Healthcare providers may mistakenly believe that
if their patient has a family member with cancer who has received genetic counseling, then their
patient will have adequate knowledge about hereditary breast cancer. As our study demonstrates,
many counselees do not share information learned in genetic counseling with their close at-risk
relatives (see Figure 1). Additionally, overall knowledge scores were low. Thus, even in families
where genetic counseling has been provided to at least one relative, non-counseled family
members often need more information. For example, 47% of women in this study did not know
there is more than one gene that can increase the risk of breast cancer and 90% did not realize
that a father can pass a breast cancer gene mutation down to his daughters. These numbers are
especially concerning in this population of women who come from families where no BRCA1/2
mutation was identified but whose family histories appear suspicious for familial or hereditary
cancer. In these families, other gene mutations could account for the family history of breast
cancer. Misperceptions about whether members of the family are still at risk despite
uninformative negative BRCA1/2 test result could lead to sub-optimal screening and prevention
measures.
This study illustrates a possible benefit of family communication following genetic
counseling; when more information was shared by counselees, women who did not attend
genetic counseling had greater knowledge about breast cancer genetics. Future research must be
done to confirm this association and to explore causation. If sharing information obtained in
genetic counseling with family members enhances knowledge, then interventions focused on
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improving methods of sharing genetic information within families. Additionally, sharing family
genetic information with healthcare providers is essential. Often it is the role of the primary care
provider to order screening tests and advise about risk reducing measures. Healthcare providers
can assist at-risk women to make lifestyle changes (smoking cessation, increased activity, and
improved nutrition) to decrease their likelihood of developing breast cancer and other significant
health threats.
This study has several limitations worth noting. Counselees may have been biased in
whom they referred to the study. It is possible that counselees might have been more likely to
refer a family member with whom they had a better relationship, and stronger communication. If
this bias is present then the perceived amount of information shared could be even lower in
family members not included in the study. The study is also limited by a relatively small sample
size and use of a single item to measure the amount of information shared. We did not assess the
nature or accuracy of information shared. Because of the cross-sectional nature of this study, we
are unable to determine causality in the relationship between information shared and knowledge.
In other words, it is possible that because women received more information they understood
more about breast cancer genetics. It is equally plausible that women who understood more
about breast cancer genetics sought out more information from their family member who
attended genetic counseling. Further research including pre- and post-counseling family
knowledge assessment is needed to determine the direction of this relationship. Finally, because
our population was primarily composed of non-Hispanic white women it may not be
generalizable to other populations.
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Conclusion
Our study found that when more information was shared with family members by
counselees family members had higher levels of knowledge; further research is needed to
confirm this association. Unfortunately, few counselees shared a great deal of information about
their genetic counseling sessions which contributed to lower levels of knowledge about
hereditary breast cancer. More research is needed on developing and disseminating effective
strategies to improve family communication. Healthcare providers should encourage women to
share with family members what was learned in genetic counseling. Healthcare providers can
also help women interpret and utilize personalized genetic information for informed decisionmaking related to prevention measures and guideline-concordant care.
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All procedures performed in studies involving human participants were in accordance
with the ethical standards of the institutional and/or national research committee and with the
1964 Helsinki declaration and its later amendments or comparable ethical standards.
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Figure 1

Figure 1. Reported amount of information shared

Figure 2

Figure 2. Final multiple regression model

Influence of cognitive, emotional, and demographic factors on knowledge of breast cancer
genetics. Overall model fit: R-squared = 0.139, p < 0.05
* p < .05

Table

Table 1
Demographics
Category

participants
n
(%)

Age
40-49
50-59
60-69
70-74
Race/ ethnicity
Non-Hispanic White
Asian
Education
High school/ GED
Some college/ technical school
College graduate and beyond
Marital status
Married or living as married
Separated or divorced
Widowed
Never married
Total

37
29
14
5

(43.5)
(34.1)
(16.4)
(5.9)

84
1

(98.8)
(1.2)

13
32
40

(15.3)
(37.6)
(47.1)

68
13
2
2
85

(80.0)
(15.3)
(2.4)
(2.4)
(100.0)

Table 2

Table 2
Results of Multiple Regression Analysis
b [95% CI]
β
(p)
Predictors
-0.10 [-0.21 – 0.06]
-0.13
(0.25)
Age
0.18 [-0.40 – 0.75]
0.07
(0.55)
Distress
0.38 [-0.37 – 1.12]
0.11
(0.31)
Numeracy
-1.07 [-3.86 – 1.73]
-0.08
(0.45)
Health Literacy
0.98 [0.22 – 1.74]
0.28
(0.01)
Amount of information shared*
2
Dependent variable: Knowledge of Breast Cancer Genetics. Overall model R = 0.14, p = 0.03

